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Complexity of Brain Anatomy and Physiology
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* Brain contains several distinct yet connected anatomical compartments
e The origin and the direction of CSF and ISF(ECF) bulk flow is still controversial
e Brain possesses unique (g)lymphatic system



Unknowns: Protein Therapeutics Disposition in Brain
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Overall Objectives

Perform novel in vitro and in vivo experiments to understand
and quantify the main determinants for protein therapeutics
disposition in brain

Develop a translational mathematical model that can
simultaneously characterize in-house and published brain
disposition data from diverse protein therapeutics in various
animal species

Use the mathematical model to quantitatively understand
the main pathways of protein therapeutics entry into the
brain and exit from the brain

Design novel protein therapeutics that can exploit the major
pathways of entry into the brain to cure various CNS
disorders (e.g. glioblastoma and Alzheimer’s disease)



Microdialysis System for MAbs: Rat Brain
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Brain Disposition of Endogenous Ab

Rat endogenous IgG concentration (S.D.) sample/plasma ratio

Rat Plasma (n=10)

Lateral ventricle (n=5)

Striatum (n=8)

Cisterna Magna (n=10)

Whole Brain (n=16)

1168 (650) ug/mL

2.26 (0.74) ug/mL 0.0018 (500 fold)
3.2 (2.6) ug/mL 0.003 ( 300 fold)
10.7 (8.25) ug/mL 0.009 (100 fold)
1.68 (1.4) ug/e 0.0014 (700 fold)
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Table 1. Concentrations of A3 in the ISF, (SF, and tissue lysates in young and aged mice

Mean = SEM concentration

3 months 12-15 months
Tissue—fluid ABy ARy ABy, AB, ABy ABy,
I5F~ hippo (pa/ml) 121.7 = 921 244+ 233 93.6 = 16.9 626.4 * 93.9 3459 = 52.2 73.9 + 389
1SF—striatum (pg/ml) 071318 1421 =195
(SF (pg/ml) 11337 + 699.7 5058 = 496.0 2375 + 336.8 8451 = 9153 4272 * B9&.T 961 = 170.0
Hippo- carbonate (pg/mg protein) 2550 = 429 70.1 =145 80.3 = 154 1147.6 = 383.7 932+ 297 692.5 * 1949
Hippo— guanidine (pg/mg protein) 1126 = 135.9 105 = 21.7 291 = 304 87476 = 29714 8159 = 2775 66214 *+ 22315

The concentration of ISF eAj3 was assessed by microdiakysis (n = 21). (8F was isolated from the dsterna magna and directly analyzed by ELISA (n = 6). Hippocampal tissues were processed by sequential extraction in carbonate buffer and
then 5 u quanidine (n = 6). Tissue A3 values are normalized to protein concentrations for each sample. Hippo, Hippocampus.



Brain Disposition of Trastuzumab
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Brain Disposition of Anti-TfR Mab: OX26
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External Datasets
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Diverse datasets to be used for building brain PBPK Model:
(A) Efflux of antibody from rat brain, (B) Antibody PK on FcRn KO mice, (C) Abluminal-to-
luminal (red) and luminal-to-abluminal (blue) transport of Fc domain, (D) PK of antibody in
different regions of rat brain, (E) PK of anti-AB antibody in the brain of antigen presenting
PSAPP mice, (F) Brain uptake of different affinity anti-transferrin receptor antibodies.




PBPK Model for Brain Disposition of PTs
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Parameters for Translational PBPK Model of Brain

Values of brain physiological parameters in different species

Parameter Mice value Ratwvalue Maonkey value Human value
C5F volume (ml) 0.03540.04 0.250 134 15000 1s0E150
-1 500201
CSF production (ml/h) 0.0192¥0.0198! 01321 2.4gl4 2112141 24151 3435111
51
CSF turnowver (times/day) 13.3334 111 45154 4l gl
Brain ECF volume (ml) 0.0408" 029l 25" 2408
Brain ECF production (ml/h) 0.00192% 0.012-0.03%5! 1.23F g-12R110.5H
0.0123
0.0216M18
0.02-0.3117
Brain total volume (ml) 0.485% 03030 2284 g4.0M 1450
Plasma volume (ml) 0.01071 0.05021 207 3190
Blood cell velume (ml) 0008751 00410 15914 2611
Interstitial velume (ml) 0.0873M 0.4101 g 293 1g.gMl 26511 2aplE
Endosomal velume (ml) 0.0024301 0.01140 04701 7250
Cellular velume (ml) 0.3761 177111 4413 72.gMl 1124l ggpl3
Lateral ventricle velume (ml) 0.0039-0.0041 0.050E 1.483F 22 503
Third-Forth ventricle volume 0.0024-0.0025# 0.05= 1.453F 22 51
{ml}
Cisterna magna velume (ml) 0.0011% 0.0173 0.488% 7.5
Subarachnoid spacevolume 0.0117% 0.1 5.35F =Ty
{ml}
Surface area (meters?)
Brain 0.014002230.01 55+ 174
1
Choroid plexus 0.002513 1.7
Brainto CP ratic(surface 5.2 6.2 104
areal
Brainweight (g) 0.3 1.80 140014
Cerebral blood flow (ml/h) 11.8M 65.3'1 gglH 1508 2145371 42000M!
g3000M
Choroid plexus blood flow 4gpiiER
{ml/h)
Blood cell flow (ml/h) g G4l 53.51 12541 175531




Rat 1gG Conc (nM)

PBPK Model Performance for Rat Data

Fitting result of rat endogenous IgG
Trastuzumab disposition in rat brain
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PBPK Model Performance for Anti-TfR
MADbs in Mouse
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Concluding Remarks

O In vivo microdialysis system and sensitive ELISA methods were
developed to enable quantification of antibodies in different
regions of brain

e BCSFB may contribute notably towards CSF antibody
concentrations

e CM seems to have higher antibody concentrations than LV & ST
e CSF concentrations of mAbs can be notably different than ECF

O There is a need to generate more robust data using microdialysis
and other orthogonal methods, and using different engineered
proteins, to get a better understanding of protein therapeutics
disposition in brain

O A translational PBPK model is developed that is able to characterize
the disposition of various antibodies in mice and rat; however more
data is needed to refine the model
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